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▼♦❞❡❧ ❬❏✐♠G♥❡③✲❩❛❢.❛ ❡5 ❛❧✳ ✷✵✶✺❪✳ ❈❛❞❛ 5c♣✐❝♦ G ❝♦♠♣♦45♦ ♣♦. ✉♠ ❝♦♥❥✉♥5♦ ❞❡ ♣❛❧❛✈.❛4✳ ❯♠❛ ❧✐45❛
♣.❡❞❡✜♥✐❞❛ ❞❡ ♣❛❧❛✈.❛4 ♣♦4✐5✐✈❛4 ❡ ♥❡❣❛5✐✈❛4✱ ❡ ✉♠❛ ❧✐45❛ ❞❡ ❛4♣❡❝5♦4 4F♦ ✉5✐❧✐③❛❞❛4 ♣❛.❛ ❞❡✜♥✐. ❛
♣♦❧❛.✐❞❛❞❡ ❞♦ 4❡♥5✐♠❡♥5♦✳ ❈♦♠♦ ❞❡4✈❛♥5❛❣❡♠✱ ♠✉✐5♦4 ❛✉5♦.❡4 ❛✜.♠❛♠ Q✉❡ ❤9 ✉♠❛ ❣.❛♥❞❡ ❞✐✜❝✉❧✲
❞❛❞❡ ❡♠ ❞❡✜♥✐. ✉♠ ♥e♠❡.♦ ❛❞❡Q✉❛❞♦ ❞❡ 5c♣✐❝♦4✳ ❆✐♥❞❛✱ ✉5✐❧✐③❛. ✉♠❛ ❧✐45❛ ♣.❡❞❡✜♥✐❞❛ ❞❡ ♣❛❧❛✈.❛4
♣♦4✐5✐✈❛4 ♦✉ ♥❡❣❛5✐✈❛4 ♣♦❞❡ ♥F♦ ♦❜5❡. .❡4✉❧5❛❞♦4 4❛5✐4❢❛5c.✐♦4 ♣❛.❛ ❆❙❇❆✳ V♦. ❡①❡♠♣❧♦✱ ❛ ♣❛❧❛✈.❛
✏1❛♣✐❞❛♠❡♥%❡✑ ♣♦❞❡ 5❡. ✉♠ 4❡♥5✐♠❡♥5♦ ♣♦4✐5✐✈♦ ❡♠ ✏ $✐$%❡♠❛ ❞♦ ❝❡❧✉❧❛1 ✐♥✐❝✐❛❧✐③❛ 1❛♣✐❞❛♠❡♥%❡ ✑✱ ♠❛4
♥❡❣❛5✐✈♦ ❡♠ ✏❜❛%❡1✐❛ ❞♦ ❝❡❧✉❧❛1 ❞❡$❝❛11❡❣❛ 1❛♣✐❞❛♠❡♥%❡ ✑❀ ♦ Q✉❡ ❡①✐❣❡ ✉♠❛ ❛♥9❧✐4❡ ♣❛.❛ ❝❛❞❛ ❝♦♥5❡①5♦
♦✉ ❞♦♠I♥✐♦ ❞❡ ❛♣❧✐❝❛EF♦✳ V♦. ✜♠✱ ❤9 ❝❡♥9.✐♦4 ❡♠ Q✉❡ ✉♠❛ ❧✐45❛ ❞❡ ❛4♣❡❝5♦4 ♥F♦ ❡459 ❞✐4♣♦♥I✈❡❧✳
❙②♠♣♦%✐✉♠ ♦♥ ❑♥♦✇❧❡❞❣❡ ❉✐%❝♦✈❡2②✱ ▼✐♥✐♥❣ ❛♥❞ ▲❡❛2♥✐♥❣✱ ❑❉▼■▲❊ ✷✵✶✺✳
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✷ · ■✳ #✳ ▼❛&'✉♥♦ ❛♥❞ ❘✳ ●✳ ❘♦''✐ ❛♥❞ ❘✳ ▼✳ ▼❛/❝❛❝✐♥✐ ❛♥❞ ❙✳ ❖✳ ❘❡③❡♥❞❡
❏! ♦# $%❛❜❛❧❤♦# *✉❡ ❡①♣❧♦%❛♠ ❛♣"❡♥❞✐③❛❞♦ )✉♣❡"✈✐)✐♦♥❛❞♦ ✉$✐❧✐③❛♠ 2▲◆ ♣❛%❛ ❡①$%❛✐% ❛$%✐❜✉✲
$♦# ❣%❛♠❛$✐❝❛✐# ❞♦# $❡①$♦# ❡ ❛ ❝❧❛##✐✜❝❛:;♦ ❞❡ ❛#♣❡❝$♦# < ❜❛#❡❛❞❛ ♥❡##❡# ❛$%✐❜✉$♦# ❬▲✐✉ ✷✵✶✷❀ ❈❤❡♥
❡$ ❛❧✳ ✷✵✶✹❪✳ 2♦% ❡①❡♠♣❧♦✱ ❛#♣❡❝$♦# ❣❡%❛❧♠❡♥$❡ #;♦ %❡♣%❡#❡♥$❛❞♦# ♣♦% #✉❜#$❛♥$✐✈♦# ❝♦♥❡❝$❛❞♦# ❛ ❛❞✲
✈<%❜✐♦# ❡ ❛❞❥❡$✐✈♦#✳ ❆##✐♠✱ ♦# ❛#♣❡❝$♦# #;♦ %♦$✉❧❛❞♦# ♣❡❧♦# ✉#✉!%✐♦# ♣❛%❛✱ ♣♦#$❡%✐♦%♠❡♥$❡✱ ❛♣%❡♥❞❡%
✉♠ ❝❧❛##✐✜❝❛❞♦% *✉❡ ✐❞❡♥$✐✜*✉❡ ❛#♣❡❝$♦# ❡♠ ♥♦✈♦# $❡①$♦#✳ ❉❡ ❢♦%♠❛ ❛♥!❧♦❣❛✱ ♦# ✉#✉!%✐♦# $❛♠❜<♠
%♦$✉❧❛♠ ❡①❡♠♣❧♦# ♣♦#✐$✐✈♦# ❡ ♥❡❣❛$✐✈♦# *✉❡ ❡♥✈♦❧✈❛♠ ♦# ❛#♣❡❝$♦#✱ $❛♠❜<♠ ♣♦##✐❜✐❧✐$❛♥❞♦ ❛♣%❡♥❞❡%
✉♠ ❝❧❛##✐✜❝❛❞♦% *✉❡ ❞❡✜♥❛ ♦ #❡♥$✐♠❡♥$♦ ❞❡ ❛#♣❡❝$♦# ♥;♦ ✈✐#$♦#✳ ❊♠❜♦%❛ ♦❜$❡♥❤❛♠ ♠❛✐♦% ❛❝✉%!❝✐❛✱
$❛✐# $%❛❜❛❧❤♦# ❡①✐❣❡♠ ✉♠ ❣%❛♥❞❡ ❡#❢♦%:♦ ❤✉♠❛♥♦ ❞❡✈✐❞♦ ❛ ♥❡❝❡##✐❞❛❞❡ ❞❡ %♦$✉❧❛% ✉♠ ❣%❛♥❞❡ ❝♦♥❥✉♥$♦
❞❡ $❡①$♦# ❬❈❤❡♥ ❡$ ❛❧✳ ✷✵✶✹❀ 2♦♥$✐❦✐ ❡$ ❛❧✳ ✷✵✶✹❪✳
❊♠ ✈✐#$❛ ❞✐##♦✱ ♥❡#$❡ $%❛❜❛❧❤♦ < ♣%♦♣♦#$❛ ✉♠❛ ❛❜♦%❞❛❣❡♠ ♣❛%❛ ❆❙❇❆✱ ❞❡♥♦♠✐♥❛❞❛ ❆❙2❍◆ ✭❆!♣❡❝%✲
❇❛!❡❞ ❙❡♥%✐♠❡♥% ./♦♣❛❣❛%✐♦♥ ♦♥ ❍❡%❡/♦❣❡♥❡♦✉! ◆❡%✇♦/❦! ✮✱ *✉❡ ✉$✐❧✐③❛ ❛♣%❡♥❞✐③❛❞♦ #❡♠✐##✉♣❡%✈✐#✐♦♥✲
❛❞♦ $❛♥$♦ ♣❛%❛ ❝❧❛##✐✜❝❛:;♦ ❞❡ ❛#♣❡❝$♦#✱ *✉❛♥$♦ ♣❛%❛ ❝❧❛##✐✜❝❛:;♦ ❞❡ #❡♥$✐♠❡♥$♦ ❞♦# ❛#♣❡❝$♦#✳ ❖
♦❜❥❡$✐✈♦ < ✉$✐❧✐③❛% ❛♣❡♥❛# ✉♠ ♣❡*✉❡♥♦ ❝♦♥❥✉♥$♦ ❞❡ ❡①❡♠♣❧♦# ♣%❡✈✐❛♠❡♥$❡ %♦$✉❧❛❞♦# ❡ %❡❛❧✐③❛% ♦ ❛♣%❡♥✲
❞✐③❛❞♦ ♣♦% ♠❡✐♦ ❞❡ ♣%♦♣❛❣❛:;♦ ❞❡ %U$✉❧♦# ❡♠ %❡❞❡# ❤❡$❡%♦❣V♥❡❛# ❬❙✉♥ ❛♥❞ ❍❛♥ ✷✵✶✷❪✳ ◆❛ ❛❜♦%❞❛❣❡♠
❆❙2❍◆✱ #;♦ ✐♥$❡❣%❛❞♦# ❞✐✈❡%#♦# $✐♣♦# ❞❡ ✐♥❢♦%♠❛:W❡# ❝♦♠♦ ✈<%$✐❝❡# ❡♠ ✉♠❛ X♥✐❝❛ %❡❞❡✿ ❛$%✐❜✉$♦#
❧✐♥❣✉Z#$✐❝♦#❀ ❝❛♥❞✐❞❛$♦# ❛ ❛#♣❡❝$♦# ❡ ✉♠ ❝♦♥❥✉♥$♦ ❞❡ $❡%♠♦#✳ ❖ ❛♣%❡♥❞✐③❛❞♦ < ❜❛#❡❛❞♦ ♥❛ ♣%♦♣❛✲
❣❛:;♦ ❞❛ ✐♥❢♦%♠❛:;♦ ❞❡ ❡①❡♠♣❧♦# %♦$✉❧❛❞♦# ♣♦% ♠❡✐♦ ❞❛# %❡❧❛:W❡# $♦♣♦❧U❣✐❝❛# ❡♥$%❡ ♦# ✈<%$✐❝❡#✳ ❆
❛❜♦%❞❛❣❡♠ ❆❙2❍◆ ❢♦✐ ❛✈❛❧✐❛❞❛ ❡①♣❡%✐♠❡♥$❛❧♠❡♥$❡ ❡ ♦❜$❡✈❡ %❡#✉❧$❛❞♦# ♣%♦♠✐##♦%❡# ❡ ❝♦♠♣❡$✐$✐✈♦#
*✉❛♥❞♦ ❝♦♠♣❛%❛❞❛ ❝♦♠ ✉♠❛ ❛❜♦%❞❛❣❡♠ #✉♣❡%✈✐#✐♦♥❛❞❛✳
✷✳ ❆❇❖❘❉❆●❊▼ 2❘❖2❖❙❚❆✿ ❆❙2❍◆ ✭❆❙.❊❈❚✲❇❆❙❊❉ ❙❊◆❚■▼❊◆❚ .❘❖.❆●❆❚■❖◆ ❋❖❘
❍❊❚❊❘❖●❊◆❊❖❯❙ ◆❊❚❲❖❘❑❙ ✮
❉❛❞♦ ✉♠ ❝♦♥❥✉♥$♦ ❞❡ ❞♦❝✉♠❡♥$♦# ❡#❝%✐$♦# ❡♠ ❧Z♥❣✉❛ ♥❛$✉%❛❧✱ %❡♣%❡#❡♥$❛♥❞♦ ♠❡♥#❛❣❡♥#✱ %❡✈✐#W❡#✱
❛♥!❧✐#❡#✱ ♦✉ ♥♦$Z❝✐❛# #♦❜%❡ ❛##✉♥$♦ ❡#♣❡❝Z✜❝♦✱ ♦ ♣%♦❜❧❡♠❛ ❞❛ ❆❙❇❆ ♣♦❞❡ #❡% ❞❡✜♥✐❞♦ ❝♦♠♦ ❡①$%❛✐%
♦♣✐♥✐W❡# %❡♣%❡#❡♥$❛❞❛# ♣❡❧❛ $%✐♣❧❛ O = (ei, aij , sij)✱ ❡♠ *✉❡ ei < ✉♠❛ ❡♥$✐❞❛❞❡ i ✭❡✳❣✳ ♣%♦❞✉$♦ ♦✉
#❡%✈✐:♦✮✱ aij < ♦ ❛#♣❡❝$♦ j ✭♣%♦♣%✐❡❞❛❞❡✮ ❞❛ ❡♥$✐❞❛❞❡ i✱ ❡ sij < ❛ ♣♦❧❛%✐❞❛❞❡ ❞♦ #❡♥$✐♠❡♥$♦ ❡♠ %❡✲
❧❛:;♦ ❛♦ ❛#♣❡❝$♦ aij ❞❛ ❡♥$✐❞❛❞❡ ei✱ ♣♦% ❡①❡♠♣❧♦✱ ♣♦#✐$✐✈❛✱ ♥❡❣❛$✐✈❛ ♦✉ ♥❡✉$%❛✳ ◆♦ ❡#❝♦♣♦ ❞❡#$❡
$%❛❜❛❧❤♦✱ ❛ ❡♥$✐❞❛❞❡ < ✉♠❛ ✐♥❢♦%♠❛:;♦ ♣%<✈✐❛ ❞♦ ♣%♦❜❧❡♠❛✱ ❞❡ ❢♦%♠❛ *✉❡ ♦ ♦❜❥❡$✐✈♦ ❞♦ ❛♣%❡♥❞✐③❛❞♦
< ❛ ✐❞❡♥$✐✜❝❛:;♦ ❞❡ ❛#♣❡❝$♦# ❡ ❝❧❛##✐✜❝❛:;♦ ❞♦# %❡#♣❡❝$✐✈♦# #❡♥$✐♠❡♥$♦# %❡❢❡%❡♥$❡# _ ❡♥$✐❞❛❞❡ ❞❡✜♥✐❞❛✳
❆ ❛❜♦%❞❛❣❡♠ ♣%♦♣♦#$❛ ❞❡♥♦♠✐♥❛❞❛ ❆❙2❍◆ ✭❆!♣❡❝%✲❇❛!❡❞ ❙❡♥%✐♠❡♥% ./♦♣❛❣❛%✐♦♥ ❢♦/ ❍❡%❡/♦❣❡✲
♥❡♦✉! ◆❡%✇♦/❦!✮ ✉$✐❧✐③❛ ✉♠❛ %❡❞❡ ❤❡$❡%♦❣V♥❡❛ ❝♦♠♣♦#$❛ ♣♦% ✭✐✮ ❛#♣❡❝$♦# A ❂ {a1, ..., ar}❀ ✭✐✐✮ ❛$%✐❜✉✲
$♦# ❣%❛♠❛$✐❝❛✐# G ❂ {g1, ..., gq} ❝♦♥❡❝$❛❞♦# ❛♦# ❝❛♥❞✐❞❛$♦# _ ❛#♣❡❝$♦#❀ ❡ ♣♦% ✭✐✐✐✮ $❡%♠♦# T ❂ {t1, ..., tg}
❝♦♥❡❝$❛❞♦# ❛♦# ❛#♣❡❝$♦# ❝❧❛##✐✜❝❛❞♦#✱ ❝♦♥❢♦%♠❡ ✐❧✉#$%❛❞♦ ♥❛ ❋✐❣✉%❛ ✶✭❛✮✳ ❆# ❛%❡#$❛# ✐♥❞✐❝❛♠ ❛✉#V♥❝✐❛
♦✉ ♣%❡#❡♥:❛ ❞❛# %❡❧❛:W❡#✱ ❡#♣❡❝✐✜❝❛♠❡♥$❡✱ ✭✐✮ *✉❛♥❞♦ ❛$%✐❜✉$♦ ❣%❛♠❛$✐❝❛❧ ❡#$! %❡❧❛❝✐♦♥❛❞♦ ❛♦ ❛#♣❡❝$♦
❡ ✭✐✐✮ *✉❛♥❞♦ ✉♠ $❡%♠♦ ♦❝♦%%❡ ♥❛ ♠❡#♠❛ #❡♥$❡♥:❛ ❞❡ ✉♠ ❛#♣❡❝$♦✳ ◆❛ ♠♦❞❡❧❛❣❡♠ ❛*✉✐ ♣%♦♣♦#$❛✱
♦# ❝❛♥❞✐❞❛$♦# _ ❛#♣❡❝$♦# #;♦ $❡%♠♦# ❝♦♠♣♦#$♦# ♣♦% #✉❜#$❛♥$✐✈♦#✱ ✈❡%❜♦#✱ ❛❞❥❡$✐✈♦# ❡ ❛❞✈<%❜✐♦# ✐❞❡♥✲
$✐✜❝❛❞♦# ♥❛ ❝♦❧❡:;♦ $❡①$✉❛❧✳ ❏! ♦# ❛$%✐❜✉$♦# ❣%❛♠❛$✐❝❛✐# #;♦ ❡①$%❛Z❞♦# ❞❛# #❡♥$❡♥:❛#✱ ❜❡♠ ❝♦♠♦ ❞❛
%❡#♣❡❝$✐✈❛ %❡❞❡ ❞❡ ❞❡♣❡♥❞V♥❝✐❛ #✐♥$!$✐❝❛✳ 2♦% ❡①❡♠♣❧♦✱ ♥❛ ❢%❛#❡ ❡♠ ✐♥❣❧V# ✏❚❤❡ ❢♦♦❞ ✇❛! ♥♦%❤✐♥❣ ♠✉❝❤✱
❜✉% ■ ❧♦✈❡❞ %❤❡ !%❛✛✳✑ < ♣♦##Z✈❡❧ ♦❜$❡% ❛ ❡#$%✉$✉%❛ ✐❧✉#$%❛❞❛ ♥❛ ❋✐❣✉%❛ ✶✭❜✮✱ ❝♦♠ ✉#♦ ❞❛ ❢❡%%❛♠❡♥$❛
❙%❛♥❢♦/❞ ❈♦/❡◆▲.✳ 2♦% ✜♠✱ ♦# $❡%♠♦# #;♦ ♣❛❧❛✈%❛# ❡①$%❛Z❞❛# ❞♦# $❡①$♦#✱ ❡❧✐♠✐♥❛♥❞♦✲#❡ ❛# !%♦♣✇♦/❞!
✭♣%❡♣♦#✐:W❡#✱ ❛%$✐❣♦#✱ ❝♦♥❥✉♥:W❡# ❡ ♣%♦♥♦♠❡#✮✳
❆♣U# ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ %❡❞❡ ❤❡$❡%♦❣V♥❡❛✱ ♦ ♣%♦❝❡##♦ ❛✈❛♥:❛ ♣❛%❛ ❛ ❡$❛♣❛ ❞❡ ❛♣%❡♥❞✐③❛❞♦ #❡♠✐#✲
#✉♣❡%✈✐#✐♦♥❛❞♦✳ ◆❡##❡ ❝❛#♦✱ ❛##✉♠❡✲#❡ *✉❡ ✉♠❛ ♣❡*✉❡♥❛ *✉❛♥$✐❞❛❞❡ ❞❡ ❛#♣❡❝$♦# ❥! ❢♦✐ %♦$✉❧❛❞❛✳ ❖
❛♣%❡♥❞✐③❛❞♦ ♥❛ ❛❜♦%❞❛❣❡♠ ❆❙2❍◆ ❡♥✈♦❧✈❡ ❛ ♣%♦♣❛❣❛:;♦ ❞❡##❡# %U$✉❧♦#✱ ❝♦♥❢♦%♠❡ ❛ $♦♣♦❧♦❣✐❛ ❞❛ %❡❞❡✱
❜❛#❡❛❞♦ ❡♠ ✉♠❛ ❡①$❡♥#;♦ ❛*✉✐ ♣%♦♣♦#$❛ ❞♦ ♠<$♦❞♦ ▲❛❜❡❧ ./♦♣❛❣❛%✐♦♥ ✉!✐♥❣ ❇✐♣❛/%✐%❡ ❍❡%❡/♦❣❡♥❡♦✉!
◆❡%✇♦/❦! ❬❘♦##✐ ❡$ ❛❧✳ ✷✵✶✹❪✱ *✉❡ < ✉♠ ❞♦# ❛❧❣♦%✐$♠♦# ❞♦ ❡#$❛❞♦ ❞❛ ❛%$❡ ♣❛%❛ ❡#$❛ $❛%❡❢❛✳ 2❛%❛ $❛❧✱
❝♦♥#✐❞❡%❡ *✉❡ A = AL ∪ AU < ♦ ❝♦♥❥✉♥$♦ ❞❡ ✈<%$✐❝❡# ❞♦ $✐♣♦ ❛#♣❡❝$♦✱ ♥❛ *✉❛❧ AL < ♦ ❝♦♥❥✉♥$♦ ❞❡
❛#♣❡❝$♦# %♦$✉❧❛❞♦# ❡ AU < ♦ ❝♦♥❥✉♥$♦ ❞❡ ❛#♣❡❝$♦# ♥;♦ %♦$✉❧❛❞♦#✱ ❡ *✉❡ ✉♠ ❝♦♥❥✉♥$♦ X %❡❢❡%❡✲#❡ ❛ ✉♠
#❡❣✉♥❞♦ $✐♣♦ ❞❡ ✈<%$✐❝❡✳ ❆✐♥❞❛✱ ❝♦♥#✐❞❡%❡ *✉❡ ❛ ♣%♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ✈<%$✐❝❡ ai ❡#$❛% ❝♦♥❡❝$❛❞♦ ❛♦ ✈<%$✐❝❡
❙②♠♣♦%✐✉♠ ♦♥ ❑♥♦✇❧❡❞❣❡ ❉✐%❝♦✈❡2②✱ ▼✐♥✐♥❣ ❛♥❞ ▲❡❛2♥✐♥❣✱ ❑❉▼■▲❊ ✷✵✶✺✳
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✹ · ■✳ #✳ ▼❛&'✉♥♦ ❛♥❞ ❘✳ ●✳ ❘♦''✐ ❛♥❞ ❘✳ ▼✳ ▼❛/❝❛❝✐♥✐ ❛♥❞ ❙✳ ❖✳ ❘❡③❡♥❞❡
❡ ♦ "❡❣✉♥❞♦ ♣♦( 3.048 (❡✈✐"+❡" ❡♠ ✐♥❣❧." "♦❜(❡ ❧❛♣1♦♣"✱ ❞✐"♣♦♥✐❜✐❧✐③❛❞♦" ❡♠ ❬5♦♥1✐❦✐ ❡1 ❛❧✳ ✷✵✶✹❪✳ ❆
❡①1(❛?@♦ ❞❡ ❛1(✐❜✉1♦" ❣(❛♠❛1✐❝❛✐" ❢♦✐ (❡❛❧✐③❛❞♦ ♣♦( ♠❡✐♦ ❞❛ ❢❡((❛♠❡♥1❛ ❙!❛♥❢♦&❞ ❈♦&❡◆▲,✱ ❣❡(❛♥❞♦
74 ❛1(✐❜✉1♦" ❝♦♠♣♦"1♦" ♣♦( ❡"1(✉1✉(❛" ❣(❛♠❛1✐❝❛✐" ❡ ❞❡♣❡♥❞.♥❝✐❛" "✐♥1C1✐❝❛"✳
❆ ❛✈❛❧✐❛?@♦ D ❜❛"❡❛❞❛ ♥❛ 1❛①❛ ❞❡ ❛❝❡(1♦ ♠D❞✐❛ ❝♦♥"✐❞❡(❛♥❞♦ ✈❛❧✐❞❛?@♦ ❝(✉③❛❞❛ ✉"❛♥❞♦ 10✲❢♦❧❞/✳ ❖
♣(♦❝❡""♦ ❞❡ ❛♣(❡♥❞✐③❛❞♦ "❡♠✐""✉♣❡(✈✐"✐♦♥❛❞♦ ❞❛ ❛❜♦(❞❛❣❡♠ ❆❙5❍◆ ❢♦✐ "✐♠✉❧❛❞♦ ❝♦♠ I✉❛1(♦ 1❛♠❛♥❤♦
❞❡ ❛♠♦"1(❛" (♦1✉❧❛❞❛"✱ "❡❧❡❝✐♦♥❛♥❞♦✲"❡ ❛❧❡❛1♦(✐❛♠❡♥1❡ {1%, 10%, 20% e 30%} ❞♦ ❝♦♥❥✉♥1♦ ❞❡ 1(❡✐♥❛✲
♠❡♥1♦ ❡♠ ❝❛❞❛ ✐1❡(❛?@♦ ❞❛ ✈❛❧✐❞❛?@♦ ❝(✉③❛❞❛✳ ❖" ❞❡♠❛✐" ❡①❡♠♣❧♦" ❢♦(❛♠ ❝♦♥"✐❞❡(❛❞♦" ❝♦♠♦ ❡①❡♠♣❧♦"
♥@♦ (♦1✉❧❛❞♦" ♣♦( ♣❛(1❡ ❞❛ ❛❜♦(❞❛❣❡♠ ❆❙5❍◆✳ ❆ ❛❜♦(❞❛❣❡♠ ❆❙5❍◆ ❢♦✐ ❝♦♠♣❛(❛❞❛ ❝♦♠ ✉♠❛ ❛❜♦(✲
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❋✐❣✳ ✷✳ ❈♦♠♣❛*❛+,♦ ❞❛ .❛①❛ ❞❡ ❛❝❡*.♦ ❡♥.*❡ ❛ ❆❙5❍◆ ❝♦♠ ✉♠❛ ❛❜♦*❞❛❣❡♠ :✉♣❡*✈✐:✐♦♥❛❞❛✳
❖! "❡!✉❧&❛❞♦! ❡①♣❡"✐♠❡♥&❛✐!✱ ❛♣"❡!❡♥&❛❞♦! ♥♦ 0✉❛❞"♦ ❞❛ ❋✐❣✉"❛ ✷ ✐♥❞✐❝❛♠ 0✉❡ ❛ ❛❜♦"❞❛❣❡♠ ♣"♦♣♦!&❛
❆❙8❍◆✱ ♠❡!♠♦ ✉&✐❧✐③❛♥❞♦ ✉♠❛ 0✉❛♥&✐❞❛❞❡ ♠✉✐&♦ ✐♥❢❡"✐♦" ❞❡ ❡①❡♠♣❧♦! "♦&✉❧❛❞♦!✱ ♦❜&=♠ "❡!✉❧&❛❞♦!
❝♦♠♣❡&✐&✐✈♦! ❝♦♠ ✉♠❛ ❛❜♦"❞❛❣❡♠ !✉♣❡"✈✐!✐♦♥❛❞❛✳ ❯♠❛ ❛♥A❧✐!❡ ❡!&❛&B!&✐❝❛ ✉&✐❧✐③❛♥❞♦ ♦ &❡!&❡ ❚✲❙#✉❞❡♥#
♥C♦ ✐♥❞✐❝❛ ❞✐❢❡"❡♥D❛ !✐❣♥✐✜❝❛&✐✈❛ ❡♥&"❡ ❛! ❞✉❛! ❛❜♦"❞❛❣❡♥! 0✉❛♥❞♦ !C♦ ✉&✐❧✐③❛❞♦! 10% ♦✉ ♠❛✐! ❞❡ ❞❛❞♦!
"♦&✉❧❛❞♦! ♥❛ ❛❜♦"❞❛❣❡♠ ❆❙8❍◆✳
✹✳ ❈❖◆❙■❉❊❘❆➬M❊❙ ❋■◆❆■❙
◆❡!&❡ &"❛❜❛❧❤♦ ❢♦✐ ♣"♦♣♦!&❛ ❛ ❛❜♦"❞❛❣❡♠ ❆❙8❍◆ ✭❆)♣❡❝#✲❇❛)❡❞ ❙❡♥#✐♠❡♥# 01♦♣❛❣❛#✐♦♥ ❢♦1 ❍❡#❡1♦✲
❣❡♥❡♦✉) ◆❡#✇♦1❦)✮✱ 0✉❡ ♣❡"♠✐&❡ ✐❞❡♥&✐✜❝❛" ❛!♣❡❝&♦! ❡ ❝❧❛!!✐✜❝❛" ❛ ♣♦❧❛"✐❞❛❞❡ ❞♦ !❡♥&✐♠❡♥&♦ ❞❡ ❝❛❞❛
❛!♣❡❝&♦ ✉!❛♥❞♦ ❛♣"❡♥❞✐③❛❞♦ !❡♠✐!!✉♣❡"✈✐!✐♦♥❛❞♦✳ ◆C♦ ❤A ♥❛ ❧✐&❡"❛&✉"❛ ✉♠❛ ❛❜♦"❞❛❣❡♠ 0✉❡ ❡①♣❧♦"❛
"❡❞❡! ❤❡&❡"♦❣Q♥❡❛! ♣❛"❛ ❛♥A❧✐!❡ ❞❡ !❡♥&✐♠❡♥&♦! ❜❛!❡❛❞❛ ❡♠ ❛!♣❡❝&♦! ❡ ♦! "❡!✉❧&❛❞♦! ♣"❡❧✐♠✐♥❛"❡!
♦❜&✐❞♦! ✐♥❞✐❝❛♠ 0✉❡ ❡!&❡ = ✉♠ ❝❛♠✐♥❤♦ ♣"♦♠✐!!♦"✳
❊♥&"❡ ❛! ❧✐♠✐&❛DR❡! ❡ ❞✐"❡DR❡! ♣❛"❛ &"❛❜❛❧❤♦! ❢✉&✉"♦!✱ ❛ ❛❜♦"❞❛❣❡♠ ❞❡✈❡ !❡" ❝♦♠♣❛"❛❞❛ ❝♦♠ ♦✉&"❛!
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